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Introduction
The recently completed National Tenderness Survey and
Beef Quality Audit have clearly demonstrated that variation
in beef tenderness at the consumer level is one of the major
problems that face the meat industry. Because of this, and
since consumers consider tenderness to be the principal
component of meat quality, scientists in the Meats
Research Unit of MARC have placed a special emphasis on
understanding factors that determine beef tenderness.
To enhance tenderness, meat is normally aged (as
wholesale cuts or carcasses). During this aging period a
number of changes occur in the meat which result in loss of
its strength. This is translated into less resistance during
the chewing of meat after cooking; therefore, tenderness is
improved. Over the past decade, we have determined the
cause of the tenderization process during cooler aging.
Meat is composed of long fibers that are held together by a
rope-like structured protein called desmin. During cooler
aging, this protein is broken down by naturally occurring
enzymes called calpains. The amount of calpain activity will
determine the extent of improvement in tenderness with
aging. Calpain is a unique enzyme system which can
degrade proteins only when sufficient calcium is present.
With this knowledge, MARC scientists have developed a
procedure that produces tender meat at its maximum level
only one day after slaughter. The procedure involves infu-
sion of carcasses, or injection of meat cuts, immediately
after slaughter with a calcium chloride solution (3.3%). The
addition of calcium chloride causes maximum activation of
the calpain system; therefore, maximum tenderization
occurs in a short time.
Historically, crossbreeding has been widely used as a
means of improving efficiency of beef production. The eco-
nomical value of 80S indicus breeds of cattle in crossbreed-
ing programs in semitropical and tropical climates has been
well established. One of the major problems associated
with inclusion of 80S indicus cattle in cross-breeding pro-
grams is that meat from these cattle has objectionable ten-
derness ratings. Previous research by MARC scientists
indicates that the reason for meat tenderness problems
associated with 80S indicus carcasses is lack of tenderiza-
tion during cooler aging. Because we had demonstrated
the effectiveness of calcium chloride in improving meat ten-
derness, the objective of this experiment was to determine
whether calcium chloride injection could improve tender-
ness of meat from 80S indicus carcasses.
Procedures
Twelve 5/8 Brahman x Hereford or Angus (four steers
and eight heifers, about 18 mo of age) were slaughtered in
MARC's abattoir according to standard procedures. Within
45 min of slaugh~er(time required for slaughtering and evis-
ceration), a section of the loin muscle (back muscle) 15
inches in length (from first to sixth lumbar vertebra) from
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one side of the carcasses was needle-injected with a cal-
cium chloride solution (3.3%). The volume of the injection
was 18 oz. The loin muscle from the other side of the car-
cass served as the control (not injected). After completion
of the injection process, the sides were transferred to a
cooler (30°F). After 24 hr at 30°F, the loins from the
injected and noninjected sides were removed for tender-
ness determinations. Loin steaks from injected and nonin-
jected sides were cooked after one and fourteen days after
slaughter.
Results
Carcass characteristics of the animals used in this study
are reported in Table 1, and results of calcium chloride
injection are reported in Table 2. Consistent with our previ-
ous observations of calcium chloride infusion of lamb car-
casses, calcium chloride injection of beef loin muscle
resulted in a significant elevation in muscle calcium concen-
tration, and an acceleration of postmortem tenderization as
determined by shear force (the amount of force required to
penetrate a .5-in core of cooked steak). The results pre-
sented in Table 2 also demonstrate that calcium chloride
improves meat tenderness by activating these naturally
occurring calpain enzymes. One of the unique characteris-
tics of calcium chloride-induced tenderization is that meat is
never overtenderized. The reason is that during the
process of breaking down muscle proteins (particularly
desmin) to improve meat tenderness, these enzymes will
also degrade themselves. These results, therefore, demon-
strate that calcium chloride injection is an effective method
of providing tender meat from carcasses producing meat
with unacceptable tenderness.
This technology (calcium chloride injectionlinfusion) could
have a significant effect on the meat industry. However, the
usefulness of this process will depend on successful modifi-
cation to allow practical application by the meat industry.
We are now addressing some of the important questions
that must be answered prior to making any recommendation
to the industry. Some of these issues include: concentra-
tion of calcium, volume to be injected, and effects on meat
color and flavor. Following are some important characteris-
tics of calcium chloride infusionlinjection that deserve spe-
cial attention: (1) the maximum tenderness value is
obtained within one day postmortem; (2) the process con-
sistently produces uniformly tender meat; (3) because of the
unique built-in control, meat is never overtenderized as with
other enzymes [e.g., papain]; (4) because calcium acceler-
ates the rate of rigor onset [shortly after calcium chloride
infusion or injection of prerigor meat, the rigor process is
completed], the process can easily be applied to hot-boning,
which has traditionally been considered as a means of
decreasing energy and labor costs associated with chilling
and fabricating carcasses, and (4) from a human nutrition
standpoint, this process can be used as a method of
increasing calcium intake. The importance of calcium in the
human diet is well recognized. In fact, some suggest that
because meat is widely consumed, calcium fortification of
processed meat is one of the best possible methods of
increasing calcium intake in the population.
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· Low-calcium-requiring calcium-dependent protease. T01al activity/.22lb muscle (caseinoly1ic assay).
b High-calcium-requiring calcium-dependent protease. T01al activity/.22lb muscle (caseinolytic assay).
e T01alactivity/.22 Ib muscle (inhibition of casein hydrolysis by.m-calpain).
140
Table 1-Bovlne carcass characteristics
Trait Mean SD Minimum Maximum
Hot carcass weight, Ib 734 46 552 895
Lean color" 4.17 .58 3 5
Lean firmnessb 6.42 .9 5 8
Lean texturee 5.92 .9 4 7
Lean maturity<! 149.2 6.7 140 160
Skeletal maturity<! 157.5 3.3 140 170
Overall maturity<! 153.3 2.2 140 165
Marbling' 387 60 310 530
Adjusted fat thickness (in) .57 .16 .3 .9
Ribeye area (in2) 11 1 9.7 12.6
Estimated kidney, heart
and pelvic fat (%) 3.29 .78 2 4.5
Yield grade 3.77 .78 2.2 4.9-
· be Scored: 1 . very dark, soft, or coarse, through 8 . very lighl cherry red, very firm, or very fine.
d Scored: 100 through 199 .A.
· Scored: 300 through 399 . slight. 400 through 499 . small, and 500 through 599 . modest.
Table 2-Effect of calcium chloride Injection of beef loins on calcium content, cooking parameters and enzyme
activities
Control Calcium-injected Probability levels-
Trait d1 d14 d1 d 14 Treatment Aging Interaction
Water-extractable
calcium (ppm) 11 1,346 .01
Shear force (Ib) 19.9 13.7 13.2 11 .01 .01 .01
Cooking loss (%) 19.36 20.47 25.09 22.5 .01 .28 .01
Cooking rate (min/oz) 3 3 3 3 .56 .8 .58
WCalpaina 62.1 1.9 .01
m-Calpainb 131.4 34.9 .01
Calpastatine 166.1 17.3 .01
